Systolic time intervals corrected for heart rate were studied serially in 50 patients with acute myocardial infarction (AMI) 1, 5, and 20 days after the onset of symptoms from simultaneously recorded kineto-, phono-, and electrocardiograms and carotid artery pulse tracings. Left ventricular ejection time (LVET), electromechanical systole (QA2), and mechanical systole (M1A2) decreased from the first to the fifth day (P < 0.001) and increased again toward normal by the twentieth day. There was a clear correlation with the clinically assessed severity of AMI; the high prevalence of abnormal values indicated a frequent and early impairment of left ventricular performance. In severe power failure, deterioration was indicated by progressive shortening of the systolic time intervals, as contrasted to gradual improvement noted in uncomplicated infarctions. Similarly, LVET, QA2, and M1A2 displayed a significant correlation with the grade of radiologically assessed pulmonary vascular congestion on the first day. A relationship between LVET, QA2, and isovolumic contraction time (ICT)/LVET and the degree of paradoxical cardiac pulsation became apparent on the fifth day. LVET, M1A2, ICT/LVET, and preejection period (PEP)/LVET were more abnormal in the nine patients who died than in the 41 survivors (P <0.05). PEP and ICT showed no correlation with clinically or radiologically assessed severity or prognosis of infarction, in contrast to findings in chronic heart failure. Decrease of contractility in AMI appears not to be directly reflected in preejection intervals. These findings indicate the value of externally measured left ventricular systolic time intervals, especially LVET, in assessment of the severity and prognosis of AMI.
3IEIKKILA ET AL. studies reported on the systolic time intervals in the evaluation of AMI have been limited and the results seem to be somewhat conflicting,l-722 the present study was undertaken in 50 patienlts with AMI on the first, fifth, and twsentieth day of their illness.
Patients and Methods
Fifty patients with AMI, conisecutively admitted to the Intensive Care Unit of the Universitv Central Hospital withiln 24 lhr of the onset of symptoms, were included in the study. There were nine women and 41 men, raniging in age from 32 to 80 years, with a mean of 55.9 years. Trlansmur al inifarction by electrocardiographic criteria vas presenit in 46 patienits. The criteria applied in the diagnosis anid in the evaluation of the cliniical course have been described in detail in the first part of this studv.'"' Data oIn third aind fourth heart sounds, arterial pressure, paradoxical cardiac pulsation, papillary muscle dysfunction, heart enlargement, and pulmonary vascular congestion discussed in the first part of this study were correlated with the systolic time intervals. The patients were divided according to clinical assessment of the severity of AMI into three grolups as defined earlier:16 group Other details of the equipmenit are given in the first part of the study.'" The same investigator analyzed all studies. The patien-ts were studied mainly in the morning in the fasting state except for the first tracing whicl xvas taken as so015 as possible after admissioni. The recordinigs were obtained in expiratory apnea while the patienit xvas in the supine positioin. In order to redtice measuremenit error and to avoid the secon,ciidary changes of prolonged apnea, we measured and averaged five consecutive cycles to the nearest 5 msee. The time intervals were defined as follows ( fig. I sound in simultaneous phonocardiograms. The E point never lagged behind the carotid upstroke, and, in this way, an unintended shortening of LVET and prolongation of ICT was avoided. The recordings were taken in the normal expiratory apnea. Thus the observed shortening of LVET and of other systolic time intervals related to stroke volume was not artificially induced by this methodologic influence which changes left ventricular filling. Care was taken to use the earliest point of ventricular depolarization for the measurements. We checked this point by comparing the onset of the QRS complex in the reference lead II to the onset of QRS in the other limb leads in simultaneous recordings and making any corrections required.
Results

Deviations from Normal in the Total Series
The individual values for the systolic time intervals in relation to heart rate on the first, fifth, and twentieth days, as measured from kineto-, phono-, and electrocardiograms, are shown in figure 2 . The values for QA2 were outside the normal range in 80% of the patients, for M1A2 in 82%, for ICT in 80%, for LVET in 66%, for LVETcarotid in 85%, and for IRT in 56%.
The mean values of all parameters measured, the individual values corrected for the standard heart rate of 70 cycles/min by respective regression equations, and the percentage deviations of the means from normal values are shown in table 1. The means of QA2, M1A2, LVET, LVETearotid, ICT, and IRT were all highly significantly different from normal on the first, fifth, and twentieth days (P < 0.001 for each). ICT was prolonged, while the others were shortened. The PEP was the only systolic time interval that remained within the normal range throughout the study.
The mean values of all the systolic time intervals regularly deviated most from the normal levels on the fifth day from onset of AMI (table 1) . QA2, M1A2, LVET, and LVETcarotid (P < 0.001 for each), and IRT, ICT/ LVET (P < 0.01), and PEP/ LVET (P<0.05) were more abnormal on the fifth day when compared with the initial values. Further changes were insignificant. In contrast, PEP When the sequential changes of the systolic time interval were analyzed in each of the three groups of patients with AMI the following main differences among the groups were observed. The greatest serial changes were encountered in group 2, while the changes relative to day 1 were less in groups 1 and 3.
The systolic time intervals did not differ significantly between groups 1 and 2. In these groups the greatest sequential changes between the first and fifth days occurred in QA2 (P < 0.001 for both groups), M1A2, LVET, and LVETcarotid (P < 0.01 for each in group 1, P < 0.001 for each in group 2) (table 2, fig. 3 ). These variables tended to return toward normal values later, and this change was strongest in the patients with uncomplicated infarctions (group 1).
In the patients of group 3 with severe power failure QA2 was initially much shortened as compared to the other groups (P <0.05), and its further decrease in the course of time remained insignificant. However, LVET decreased progressively. The expected decrease from the first to the fifth day (P<0.05) showed the same trend from the fifth to the twentieth day. After the values of the groups with milder forms of AMI reached a minimum on the fifth day, they tended to return to normal (table 2, fig. 3 significantly shorter QA2 (P < 0.01) and LVETcarotid (P < 0.05) than the group with minor abnormality. Normal precordial movement was not present in any patient at this time. 16 The systolic time intervals of the 29 patients developing acute murmur of mitral incompetence following AMI did not differ from those of the 21 patients without this complication. The presence of a third heart sound (90%) was similarly not related to changes of the systolic time intervals; the fourth heart sound was noted in 100% of the patients with sinus rhythm. ' the leveling trend in the groups with milder forms. These results are in contrast to the progressive prolongation of preejection intervals reported by others'14 15 in patients with advancing degrees of chronic congestive heart failure.
In experimental myocardial ischemia early deterioration of ventricular contractility has been found to occur within seconds after coronary occlusion.32 3 However, major adjustments of preload and afterload, which regularly occur in AMI, may disturb the above relationship profoundly. In severe circulatory impairment such as was found in the patients of group 3 with AMI a decrease in stroke volume could be expected to prolong ICT and PEP12 along with the reduced contractility. However, direct inotropic actions of a high catecholamine level described in these patients34 5 and of digitalis,5 36 and a decrease in afterload by lowered aortic diastolic pressure or an increase in preload by markedly elevated left ventricular end-diastolic pressure would counteract these changes on PEP and ICT. It therefore seems likely that the usual positive correlation of isovolumic contraction indices, such as PEP and ICT, to chronic heart failure is reversed when power failure of acute myocardial infarction occurs. Decrease in myocardial contractile performance under these circumstances will not directly be reflected in the various preejection time intervals.
The observed slight prolongation of kinetocardiographically determined ICT in the presence of unaltered PEP (as calculated by both carotid pulse and KCG methods) may be due to methodologic difficulties in the measurement, as the noninvasive methods of determining ICT are as yet rather inaccurate. Also lack of knowledge of dynamic behavior of the electromechanical lag in AMI may be a factor. This discrepancy in changes between ICT and PEP amounted to no more than 6 to 26 msec. Externally measured PEP will reflect true PEP more accurately than externally measured ICT reflects true ICT.8' 27, 37 In our study the prolongation of ICT occurred mainly in the earliest part of ICT, i.e., in the Circulation, Volume XLIV, September 1971 interval from Z point to M, (one-half to twothirds of the total prolongation), although this subdivision of ICT into its components remains somewhat questionable because of the difficulty in determining the M, component of the first heart sound.8' 28 This would particularly apply to AMI where contractility changes are common. Although the Z point in the apexcardiogram and KCG reflects the start of true isovolumic contraction accurately and the E point in the KCG marks the start of ejection, small errors may occur in the determination of these points in the precordial displacement curves particularly when large a waves are present. Also the Z point in ventricular dilatation and asynergy in AMI may be recorded earlier than in the normal subject, in whom the heart is somewhat distant from the chest wall and contracts in synergy. Despite all these possible sources of error the basic information found in the present study is not altered, and neither ICT nor PEP proved to be useful for grading either the hemodynamic severity or the prognosis in AMI.
The lack of change in PEP differs from two reports of prolonged PEP in AMP17 20 but confirms the earlier findings of Halpern et al. 21 A formula for prediction of stroke volume from LVET and heart rate has been developed by Harley et al.'2 based on an accurate study of beat-to-beat relationships (r = 0.95). When their formula (SV = 0.501 LVET + 0.130 HR -67.2) was applied to the present data, stroke volumes were obtained which fell in the expected range. For example, the calculated mean stroke volume was 22 ml on the twentieth day in the moribund patients, while on the same day in the survivors it was 69 ml. The corresponding cardiac outputs were 1.7 and 4.6 liters. The smallest forward stroke volume of 12 ml occurred on the day of death in the patient with papillary muscle rupture. As such figures were not checked by actual output determinations they may only be attractive postulates. Especially in severe AMI, considerable increases in aortic impedance may occur which would prolong LVET1" while simultaneously endogenous or exogenous catecholamines and digitalis will shorten LVET,4 5,36 40 with unknown net result. Therefore, estimations of stroke volume from LVET are subject to errors in AMI, the magnitudes of which are so far undetermined.
Of the systolic time intervals we studied it was clear, however, that the degree of shortening of LVET most often correlates inversely with the clinically assessed severity of AMI, the degree of radiologic pulmonary vascular congestion, the degree of ventricular asynergy, and prognosis. The association of shortened LVET with signs of cardiac pump failure supports the idea that, in AMI, LVET largely reflects stroke volume. Shubin et al. have demonstrated that stroke volume is the hemodynamic parameter most closely related to severity of cardiogenic shock.41 Remarkably, LVET 
